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ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER WITH 
NON-EQUIDISTANT COLLECTOR ELECTRODES 

Inventors: 
Edward C. McKinney, Jr. 
Charles E. Taylor 
Jim L. Lee 

10 

Claim of Priority: 

[0001] This application claims priority from provisional application entitled "ELECTRO- 

KINETIC AIR TRANSPORTER-CONDITIONER WITH NON-EQUIDISTANT 
COLLECTORELECTRODES/'ApplicationNo.60/341,176 ? filed December 13,2001 under 

15 35 U.S.C. 1 1 9(e), which application is incorporated herein by reference. This application claims 
priority from provisional application entitled "FOCUS ELECTRODE, ELECTRO-KINETIC AIR 
TRANSPORTER-CONDITIONER DEVICES," Application No. 60/306,479, filed July 1 8, 
2001 under 35 U.S.C. 1 19(e), which application is incorporated herein by reference. This 
application claims priority from and is a continuation-in-part of U.S. Patent Application No. 

20 09/924,624 filed August 8, 2001 which is a continuation ofU.S. Patent No. 09/564,960 filed May 
4, 2000, which is a continuation-in-part of U.S. Patent Application No. 09/186,471 filed 
November 5, 1998, now U.S. Patent No. 6,176,977. All of the above are incorporated herein 
by reference. 

25 Cross-Reference to Related Applications: 

[0002] 1. U.S. Patent Application No. 60/341,5 18, filed December 13,2001, entitled 
"ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH AN 
UPSTREAM FOCUS ELECTRODE"; SHPR-01041US6 

[0003] 2. U.S. Patent Application No. 60/34 1 ,090, filed December 1 3 , 200 1 , entitled 
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"ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH TRAILING 
ELECTRODE"; SHPR-0 1041 USE 

[0004] 3. U.S. Patent Application No. 60/341 ,433, filed December 1 3, 2001 , entitled 
"ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH 
5 INTERSTITIAL ELECTRODE"; SHPR-01041USF 

[0005] 4. U.S. Patent Application No. 60/34 1 , 592, filed December 1 3, 2001 , entitled 
"ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH 
ENHANCED COLLECTOR ELECTRODE"; SHPR-0 1 041 USG 

[0006J 5. U.S. Patent Application No. 60/341 ,320, filed December 1 3, 2001 , entitled 
10 "ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH 
ENHANCED EMITTER ELECTRODE"; SHPR-0 1 04 1USH 

[0007J 6. U.S. Patent Application No. 60/34 1,179, filed December 1 3, 200 1 , entitled 
"ELECTRO-KINETIC AIR TRANSPORTER AND CONDITIONER DEVICE WITH 
ENHANCED ANTI-MICROORGANISM CAPABILITY"; SHPR-01028US1 
15 [0008] 7. U.S.PatentApplicationNo.60/340,702,filedDecemberl3,2001,entitled 
"ELECTRO-KINETIC AIR TRANSPORTER AND CONDITIONER DEVICE WITH 
ENHANCED HOUSING CONFIGURATION AND ENHANCED ANTI- 
MICROORGANISM CAPABILITY"; SHPR-01028US2 

[0009] 8. U.S. Patent Applications. 60/341,377, filedDecember 13,2001, entitled 
20 "ELECTRO-KINETIC AIR TRANSPORTER AND CONDITIONER DEVICE WITH 
ENHANCED MAINTENANCE FEATURES AND ENHANCED ANTI-MICROORGANISM 
CAPABILITY"; SHPR-01028US3 

[0010] 9. U.S. Patent Application No. 10/023, 197, filed December 13, 2001, entitled 
"ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICE WITH ENHANCED 
25 CLEANING FEATURES"; SHPR-01041USI 

[0011] 10. U.S. Patent Application No. 10/023,460, filed December 13, 2001, entitled 
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"ELECTRO-KINETIC AIR TRANSPORTER CONDITIONER WITH PIN-RING 
ELECTRODE CONFIGURATION"; SHPR-01041USJ 

[0012] 11. U.S. Patent Application No. 60/340,288, filed December 13, 2001, entitled 
'DUAL INPUT AND OUTLET ELECTROSTATIC AIR TRANSPORTER-CONDmONER"; 
5 SHPR-01041US7and 

[0013] 1 2. U.S. Patent Application No. 60/340,462, filed December 1 3, 2001 , entitled 
"ELECTRO-KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH A 
ENHANCED COLLECTOR ELECTRODE FOR COLLECTION OF MORE PARTICULATE 
MATTER". SHPR-01041US9 
10 [0014] 13. U.S. Patent Application No. 10/xxxpcxx, filed herewith, entitled "ELECTRO- 
KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH AN UPSTREAM 
FOCUS ELECTRODE"; SHPR-01041USL 

[0015] 14. U.S. Patent Application No. 10/xxxpcxx, filed herewith, entitled "ELECTRO- 
KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH TRAILING 
15 ELECTRODE"; SHPR-01041USM 

[0016] 15. U.S.PatentApplicationNo.l0/xxxpax,filedherewith,entitled"ELECTRO- 
KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH INTERSTITIAL 
ELECTRODE"; SHPR-01041USN 

[0017] 16. U.S. Patent Application No. 10/xxxpcxx, filed herewith, entitled "ELECTRO- 
20 KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH ENHANCED 
COLLECTOR ELECTRODE"; SHPR-01041USO 

[0018] 17. U.S.PatentApplicationNo.lO/xxxpcxx,filedherewith,entitled"ELECTRa 
KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH ENHANCED EMITTER 
ELECTRODE"; SHPR-01041USP 

25 [0019] 18. U.S.PatentAppucationNo.lO/xxxpcxx,filedherewith,entit]ed"ELECTRa 
KINETIC AIR TRANSPORTER AND CONDITIONER DEVICE WITH ENHANCED 
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ANTI-MICROORGANISM CAPABILITY"; SHPR-01028US4 

[0020] 19. US.PatentApplicationNoJO/xxx,x X x ) fiIedhe re with,entiUed''ELECTRa 
KINETIC AIR TRANSPORTER AND CONDITIONER DEVICE WITH ENHANCED 
HOUSING CONFIGURATION AND ENHANCED ANTI-MICROORGANISM 
5 CAPABILITY"; SHPR-01028US5 

[0021J 20. US. Patent Application No. 1 0/xxxpoa, filed herewith, entitled "ELECTRO- 
KINETIC AIR TRANSPORTER AND CONDITIONER DEVICE WITH ENHANCED 
MAINTENANCE FEATURES AND ENHANCED ANTI-MICROORGANISM 
CAPABILITY"; SHPR-01028US6 
10 [0022] 21. U.S. Patent ApphcationNo.l0/xx W 

AND OUTLET ELECTROSTATIC AIR TRANSPORTER-CONDITIONER"; SHPR- 
01041USRand 

[0023] 22. US.PatentApplicationNo. 10/xxx,xxx, filed herewith, entitled "ELECTRO- 
KINETIC AIR TRANSPORTER-CONDITIONER DEVICES WITH A ENHANCED 
15 COLLECTOR ELECTRODE FOR COLLECTION OF MORE PARTICULATE MATTER". 
SHPR-01041USS. 

[0024] All of the above are incorporated herein by reference. 

Field of the Invents- 

20 [0025] rasbventionrelatesgenemllytodevice^ that producer 
from which particulate matter has been substantially removed. 

Background nf th e Invention- 

[0026] ^^ofanelectricmotortorotateafanbladetocreateanairflowhaslongbeen 
25 ^wnintheart.Unfortunately,suchfansproducesubst^ 

chitawhomaybetemptedtopokeafingerorapencilmtomemov^ 
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f ~Producesubstantia^ 

required to operate the motor, and essentially no conditioning of the flowing air occurs. 

[0027] KisknowntoprovidesuchfanswithaHEPA-compliantfilterelementtoremove 
P^ulatematt^larger^ 

5 b y the filtereIe m entmayre q uiredoublingtheelectricmotorsizetomaintainadesiredlevelo^ 
airflow.Further,HEPA^^^^ 

portion of the sale price of a HEPA-compliant filter-fan unit. While such filter-fan units can 
conditiontheairbyre m ovinglargeparticles,particulate m atter small enough to pass through the 
filter element is not removed, including bacteria, for example. 
10 [0028] Kisalsoknowninfoeartto^^ 

which electrical power is directly converted into a flow of air without mechanically moving 
components. Onesuchsystemisdescribed inU.S.PatentNo. 4,789,801 issued toLee(1988), 
whichi S incorporatedherembyreference.lbe'801patentdescribesvariousdev^ 
astreamofionizedairusmgso-calledelectro-kmeti^ 

kineticdevicesmaybe small enough to be handheld, and in other applications electro-kinetic 
devicesmaybelargeenoughto^^ 

use high electric fields to ionize air molecules, a process that may produce ozone (0 3 ) as a 
byproduct. Ozoneisanunstablemoleculeofoxygen^ 

of high voltage arcing. In appropriate concentrations, ozone can be a desirable and useful 
substance.ButozonebyitselfmaynotbeeffectivetokiUnu^ 
and viruses in the environment surrounding the device. 

[0029] Fig. 1 depictsagenericelectro-kmeticdevicelOtoconditionair.Devic^ 
ahousing20thattypicallyhasat least one air input port 30 and at least one air output port 40. 
Within housing 20 there is disposed an electrode assembly or system 50 comprising a first 

electrodearray60havingatleastoneelectrode70andcomprisingasecondelectrodearray80 
havmgat.eastoneelectrode90.Systeml0m rt herinc,udesah J gh 
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between the first and second electrode arrays. 

[0030] Asaresult.ozoneandionizedparticlesofairaregenmtedwithindevicelO.and 
there is an electro-kinetic flowofair in the direction fiom the first electrode array 60 towards the 
secondelectrodean-ay80.InFig.l,thelargearrowdenotedmrepresentsambien 
^inputportSO.Thesmall^V'denoteparticulatematterthatm 

ambient air. The air movement is in the direction of the large arrows, and the output airflow, 
denoted OUT, exits device 1 0 via port 40. ^ 

lOisthatanairflowiscreatedwithoutusingfansorothermovingpartstocreatetheairflow. 
[0031] ^eferablyparticulatematter^ 

mesecondelectrodeairay80,wimmeresultthattheoutflow(OUT)of a irfr^^ 
contains ozone and ionized air, but can be cleaner than the ambient air. Thus, device 1 0 in Fig. 1 
can function somewhat as a fan to create an output airflow, but without requiring movingparts. 
Ideallyfoeoutflowofair(0^ 

includes appropriate amounts of ozone, and some ions. 
1 5 [0032] As shown in Fig. 2A, system 50 includes an array of first ("emitter") electrodes or 
conductive surfaces 70 mat are 

electrodesorconductivesurfaces90.Thepositiveterminalofageneratorsuchas,forex^ 
pulsegenerator95matoutputsat^ 

tomefirstarray,andthenegativepulsegeneratorterminal is coupled to the second array in this 
example.Itistobe understood that the arrays depicted include multiple electrodes, but that an 
array can include or be replaced by a single electrode. 
[0033] ™eWghvoltagepulsesiomzetheai^ 

the firstarraytoward the second army, wimout requiring anymoving parts. Particulate matter 60 
in theairis entrained within the airflow and also moves towards the second electrodes 90. Much 
ofmeparticulatematter60iselectrostaucallyattracte^ 
wh CT eitremains,muscondit^ 
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present between the electrode arrays can release ozone into the ambient environment, which can 
eliminate odors that are entrained in the airflow. 

[0034] In the particular embodiment of Fig. 2A, first electrodes 70 are circular in cross- 
section, having a diameter of about 0.003" (0.08 mm), whereas the second electrodes 90 are 
5 substantially larger in area and define a "teardrop" shape in cross-section. The ratio of cross- 
sectional radii of curvature between the bulbous front nose of the second electrode and the first 

electrodes exceeds 10:1. As shown m Fig. 2A, me bulbous front surfaces of the second electrodes 
90 face foe first elecfrodes 70, and ^ 

theairflow.The"sharp''trailingedgesonthesecondelectrodes90promotegoodelectrostatic 
1 0 attachment of particulate matter entrained in the airflow. 

[0035] In another particular embodiment shown herein as Fig. 2B, second electrodes 90 are 
symmetrical and elongated in cross-section. The elongated trails 

90 provide increased area upon which particulate matter entrained in the airflow can attach. 
[0036] While the electrostatic techniques disclosed by the '801 patent are advantageous 
over conventional electric fan-filterunits, further increased air transport-conditioning efficiency 
would be advantageous. 
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Summary of the Invention: 

[0037] An aspect of an embodiment of the present invention is to provide an electro-kinetic 
20 system for fransportmg and 

generator comprising first and second conducting electrodes or surfaces. The first and second 
electrodes are coupled to output ports of a high voltage generator. 

[0038] Another aspect of an embodiment of thepresent invention is to remove dust and 
otherparticulatematter from theairflow. The dust and particulate matter attaches electrostatically 
to the second electrodes, and the output air is substantially clean of such particulate matter. 
[0039] Yet another aspect of the present invention is to produce ozone to reduce or kill 
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certaintypesofge^sandthelike.Ozoneisalsobeneficialforeli^ 

An embodimentofthe invention pennitstheusertotemporarilyincreasethehighvoltagepulse 

generator output which creates more ozone, e.g., to more rapidly eliminate odors in the 

environment. 

5 [0040] Still another aspect of an embodiment of the present invention is to increase the 
airflowmteofthedevicewWk^^^ 

embodimentincludesasecondarrayofelectrode^orcollectorelectrodes, where severalofthe 
second electrodes are recessed back, further away from the first array of electrodes. This 

configiu-ationcanreducetheamountoflugh-voltagearcing^ 
10 produce ozone. 

[0041] Other features and advantages of the invention will appear from the following 
descriptionmwWchmepref^ 

the accompanying drawings, and also from the following claims. 

15 Brief Descr iption of the Drawing s: 

[0042] FIG. 1 isaschematicofprior-aitelectro-kmeticdevicewimanelectrodeassemb^^ 

[0043] WG S2A-2B;Fig.2Aisaplanviewofam^tandsecondelectrodeairaysofaprior 
artelectrodeassembly^^ 

arrays according to a prior art electrode assembly; 

[0044] nGS -3A-3B;Fig.3Aisapei^ectiveviewofanembodimentofmehousingofthe 

presentinvention;Fig.3BisaperspectiveviewofthehousingshowninFig.3A,illustrati„ga 
removable array of second electrodes; 

[0045] FIG. 4 is an electrical block diagram of an embodiment of the ion generator 
assembly, according to the present invention; 

25 [0046] FIGS. 5 A-5D; Fig. 5 A is a perspective view illustrating an embodiment for an 
electmdeassemb^^ 
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inFig.SAjFig.SCisaperspectiveviewofanotherembodimentofanelectrodeassemb 

presentinventio„;Fi g .5Disap,anviewof y etanothere m bod im entofa^ 
the present invention; 

[00471 FIGS - 6 A-6F;Fig.6Ai S aperspectiveviewofa„embo<ltaentofU,e e |ectrode 

m fig. 6A; Fig. 6C is a perspective view of another embodiment of the electrode assembly 
accordittgtomepresentmve^ 

.nve„,,„„;Fig.6Eisa P ers P ec,iveviewofs,iHar 1 od 1 erembodime„, oflll ee l ecbodeassemb.y, 

aecording.chepresen.inventton^ig.^Fisaptaviewofanabema.iveembodimen.of.he 
10 invention; 

[00481 FIGS. 7A-7B; Fig. 7A is a perspective view of ye. a„o«her e m bod iment 0 f te 

d «^-™%.accor^^^ 

shown in Fig. 7A; 

I0049J FIGS. 8A-8C; Fig. 8A is a pta view of another embodiment of me electrode 

.5 ^^^S.oftepreaen.mvendo^FiggBisaptaviewofye.^erembcdtaen.of 
te P^»™«°»;Fig8Cisapla„view„famo<hM^^ 

[00501 n«.9A-9B ; Fi g .9Aisa P erspectiveviewof st i„a„omerembodime„ t of„e 

elec.rodeassembly^ig.SBisaperspec.ivevrewofamodif.edemboelimen.ofma.show.m 
Fig. 9A; 

20 .00511 F.GS. .OA-^Fig. 10Ai S ap,a„view o fa„o t herembodime„,„fmee,eebrx i e 
«° f ^^i"ven^^ 

» F.g. !0A; Fig. 10C is a plan view of ye. another embodiment of the e.ec,rode assembly, 
accordrngtomepmscnthvennon;^ 

tnF,g. 10C;Fig. 'ODisaplanviewofyetanomerembodimentofmeeleetrodeassemblyofme 
shown in Fig. 10E; 
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100523 HGS - 11A - n C;Fig. HAisaperspectiveviewofyetanotherembodimentofthe 

oftheelectrodeassemblyofthepresentinventionjFig.llCisapersp^ 
embodiment of the electrode assembly of the present invention; 

5 

Detailed Description of the Preferred EmhodWnt 
Overall Air Transporter-Conditioner TVvjcc Cojifiguration: 

10053] Figs. 3 A and 3B depict an electro-kinetic air transporter-conditioner system 100 
whosehousin g 102includesp^^ 

10 frontl °-tedexhaustven^ 

and/or upstandingly vertical and/or elongated. Internal to the transporter housing is an ion 
generating unit 1 60, preferably powered by an AC:DC power supply that is energizable or 
excitableusmgswitchS^ 
areconvementlylo^ 

15 in ^omerambientair^^ 

operating potential, for operation of the present invention. 

10054] TheuppersurfaceofhousinglOlincludesauser-hftablehandlememberinto 
wfcchisaffixedasecondar^^^ 

ElectrodeassemblyllOalsocomprisesafirstarrayofemitterelec^ 
20 d^eshownhereasas^ 

shaped»shallbeusedinterchangeablyheremtomeananelectrodeeim CT 
thickerorstiffermanawHhavingtheappearanceofa^ 

membern21iftssecondarrayelectrodes240upward,causingmesecondelectrodeto te ^^^^ 
outofmetopofthehousingand,ifdesired,outofumtlOOforcleaning,wW 
" ^y^Oremainsw^tMnumtlOO.Asisevidentfromthefi^ 
belifted vertica^ 

Express Mail No.: EL670725440US 
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^bo..o mOT d S ofsac„ndelec to de S 242areco n „ec,ed l „a n ,en,bern3, t owhichisa, t ach=d 

5 electa 232, whenever handie member H2 is moved upward or downward by a user. 

10055] ^generalshapeoftheembodimer.tof.heinver.aonshowntoFigs.SAandSBis 
ftalofafig^eeigMincross-^ 

mv Hm o„.T 1 ,e 1 „p-,o-b.no^ 

lm,w i aa l eft-,o.righ.w i dU 1 ofpreferabl yl5 c ra ,a cJ , f r„„,. 1 o-bac k depm 

am P Iei„.e l a„douUe ( ve„« i „ g i„a 1 ,eeo„o mi ca 1 hous i „ g co„flgo,atio„.T ll ere„eedbe n orea. 
These ven,s serve ,o ensure tha, au adequate flow of ambient air car, be drawn into or made 

15 of 0 3 flows out from unit 1 00. 

100561 ^fi^'^^onda.ravsofelectrode.arecoq^Wtotheoutputtemrinalsofion 

20 ^-neswimtei^^^^^^^.^^^^^.^ 
M ™="°W'notauo„m,hen^de«^ 

particuiatemaner.whichparfeulatesmaderadhe^e.ectms.arteai.ytomesurfaceo 
eiec^hmeproeeasofgenemttagtheiomzedairflowappropriate 

« ^-«yP"duced.I.maybedesired 1 „ pro vide u nei lm ersu rf ace„fh„usi„ ? 102wi ma „ 
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couldbe disposed within the housing, or portions ofthe interior of the housing can be coated with 
a metallic paint to reduce such radiation. 

[0057] As best seen in Fig. 4, ion generating unit 160includes ahigh voltage generatorunit 
1 70 and circuitry 1 80 for convey 
(TCOvoltage. Circuit 

ofthegeneratorunitoutputvoltage(whichcontrolisaltered with user switch S2). Circuitry 180 
preferablyalsoincludesapulsemodecomponent, coupled to switch S3, to temporarily provide 
a burst of increased output ozone. Circuitry 1 80 can also include a timer circuit and a visual 
mdicatorsuchasahghtem^^ 
anaudibleindicator)si^ 

generation of ions and/or ozone after some predetermined time, e.g., 30 minutes. 

[0058] ^ eW ghvoltagegeneratorunitl70preferablycomprisesalowvoltageoscillator 
circuitl90ofperhaps20KHz frequent 

200,e.g.,athyristororthe like. Switch 200 switchably couples the low voltage pulses to the input 

windingofastep-up transformer Tl. The secondary winding of Tl is coupled to a high voltage 

multipliercircuit210matoutputshighvoltagepulses.Preferablymecircuitryan^ 

comprisinghighvoltagepulsegeneratorl70andcircuitl80arefabricatedonaprinted circuit 
boardmatismountedwithkhousmglOlIfdesired, external audio input (e.g., fiom a stereo tuner) 
couldbesuitablycoupledtooscito^ 

byumtl60.Theresultwouldbeanelectrostaticloudspeaker,whoseoutput^ 

mehumanearmaccordancewimtheaudiomputsignal.Furmer,meoutp^^ 
include ions and ozone. 

[0059] OutputpulsesfromhighvoltagegeneratornOpreferablyareatleast 10KV peak- 
to-peak with an effective DC offset of, for example, half the peak-to-peak voltage, and have a 
frequency of, for example, 20 KHz. Frequency of oscillation can include other values, but 
frequency of at least about 20KHz i^ 

Attorney Docket No.: SHPR-0) 04 1 USQ SRM/SDS 
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same room as the unit 1 00, it may be desired to utilize and even higher operating frequency, to 
prevent pet discomfort and/or howling by the pet. The pulse train output preferably has a duty cycle 
of for example 1 0%, which will promote battery lifetime if live current is not used. Of course, 
different peak-peak amplitudes, DC offsets, pulse train waveshapes, duty cycle, and/or repetition 
5 frequencies can be used instead. Indeed, a 1 00% pulse train (e.g., an essentially DC high voltage) 
may be used, albeit with shorter battery lifetime. Thus, generator unit 1 70 for this embodiment can 
be referred to as a high voltage pulse generator. Unit 170 functions as a DC:DC high voltage 
generator, and could be implemented using other circuitry and/or techniques to output high voltage 
pulses that are input to electrode assembly 220. 

1 0 [ 0060] As noted, outflow (OUT) preferably includes appropriate amounts of ozone that can 
remove odors and preferably destroy or at least substantially alter bacteria, germs, and other living 
(or quasi-living) matter subjected to the outflow. Thus, when switch SI isclosed and the generator 
1 70 has sufficient operating potential, pulses from high voltage pulse generator unit 1 70 create an 
outflow (OUT) of ionized air and ozone. When SI is closed, LED will visually signal when 

15 ionization is occurring. 

[0061 ] Preferably operating parameters of unit 1 00 are set during manufacture and are 
generally not user-adjustable. For example, with respect to operating parameters, increasing the 
peak-to-peak output voltage and/or duty cycle in the high voltage pulses generated by unit 1 70 can 
increase the airflow rate, ion content, and ozone content. These parameters can be set by the user 

20 by adjusting switch S2 as disclosed below. In the preferred embodiment, output flowrate is about 
200 feet/minute, ion content is about 2,000,000/cc and ozone content is about 40 ppb (over 
ambient) to perhaps 2,000 ppb (over ambient). Decreasing the ratio of the radius of the nose of 
the second electrodes to the radius of the first electrode or decreasing the ratio of the cross- 
sectioned area of the second electrode to the first electrode below about 20: 1 will decrease flow 

25 rate, as will decreasing the peak-to-peak voltage and/or duty cycle of the high voltage pulses 
coupled between the first and second electrode arrays. 
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10062] ^Practice.unitlOOisplacedinaroomandconnectedtoanappropriatesourceof 
operatingpotential, typically 117 VAC. With SI energizing ionization unit 160, systems lOOemits 
ionized air and preferably some ozone via outlet vents m 

ozone freshens theairin the room, and theozonecan beneficially destroyorat least diminish the 
undesired effects of certain odors, bacteria, germs, and the like. The airflow is indeed electro- 
kinetically produced, in that there are no intentionally moving parts within unit 100. (Some 
mechanical vibration may occur within the electrodes.). 

[0063] Havingdescribedvariousaspectsofthisembodimentoftheinventioningeneral, 
preferred embodiments ofelectrode assembly 220 are now described, mm^ 
electrodeassembly220comprisesafir 

232, and further comprises a second array 240 of at least one electrode or conductive surface 242. 
Underctandablymateri^ 

corrosive effects from the application of high voltage, yet be strong enough to be cleaned. 
[0064] tothevariouselecfrodeassembte 
electrodearray230arepreferablyfabricatedfiom^ 

towithstandcleaning,hasahighmeltingpointtoretardbreakdowndueto ionization, and has a 
rough exteriorsurface that seems to promote efficient iomzadon. On me other hand, electrodes 242 
preferably have a WgWypohshed exterior surface to mining 

As such, electrodes 242 preferably are fabricated from stainless steel and/or brass, among other 
materials. The polished surface ofelectrodes 232 also promotes ease of electrode cleaning. 

[0065] Inc onh-asttothepriorartelectrodesdisclosedbythe'801patent,electrodes232 
and 242, are light weight, easy to fabricate, and lend themselves to mass production. Further, 
electrodes 232 and 242 described herein promote more efficient generation of ionized air, and 
appropriate amounts of ozone, (indicated in several of the figures as 0 3 ). 
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Electrode Assemhlv wit h First and Se cond ElectnvW 
Figs. 5A-5D 



[0066J Figs. 5A-5B illustrate various configurations ofthe electrode assembly 220. The 
electrode assembly 220 comprises a first array 230 of wire electrodes 232-1 , 232-2, and 232-3 
5 (collectively refen-ed to as "electrodes 232"), and a second array 240 of generally "U"-shaped 
electrodes 242-1, 242-2, 242-3, and 242-4 (collectively referred to as "electrodes 242"). In 
preferred embodiments, the number Nl of electrodes compri 

differbyonerelativetothenumberN2ofelectrodescomprisingthe second array 240. In many 
ofthe embodiments shown, N2>N1 . However, additional first electrodes 232 could be added 
10 (e.g., electrodes 232-4, 232-5, etc.) such that N1>N2. 
[0067] E1 ^°des232areprefe^ 
'^shapedelectrodes242^ 

or other sheet metal could be used. The sheet metal is formed to define side regions 244 and a 
roundednoseregion 246. WWlepart^ 

15 ^°utflow(OTJI)akis^^ 

largesurfaceareaprovidedby^ 



ozone. 



[0068] As best seen in Fig. 5B, the spaced-apart configuration between the arrays is 
preferably staggered such mat each li^tarmyelectxode 232 is substantially equidis^ 
second array electrode 242. This symmetrical staggering has been found to be an especially 
efficientelecfrodeplaceme* 

electrodes 232 or adjacent electrodes 242 are spaced-apart a constant distance, Yl and Y2 
respectively with the electrodes 232 preferably centered between each electrode 242. However, 
a non-symmetrical configuration is within the spirit and scope of this invention. 
25 [0069] In Figs. 5A-5B, typical dimensions are as follows: diameter of electrodes 232 is 
about 0.08 mm, distances Yl and Y2 are each about 16 mm, distance XI is about 16 mm, 
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distanceLisabout20mm, and electrode heightsZl and Z2 are each about 1 m. The width W of 
electrodes 242 is preferably about 4 mm, and the thickness of the material from which electrodes 
242 are formed is about 0.5 mm. Of course, other dimensions and shapes could be used. It is 
preferred that electrodes 232 be small in diameter to help establish a desired high voltage field. On 
the other hand, it is desired that electrodes 232, as well as electrodes 242, be sufficiently robust 
to withstand occasional cleaning. 

[0070) Fig. 5B illustrates theoretical electric field lines that ions will travel along from a first 

elecfrode232toasecondelectrode242.mthisconfiguration,ionsstrikethesecondelectrode 
242-2 along two paths, as shown by directional flow paths B and C. Similarly, ions strike the 
second electrode 242-3 along two flow paths, as shown by directional flow paths D and E. The 

secondelectrodes242-land242-4attractionsprimarilyonlyalongasinglepath,asshownby 
directional flow paths A and F, respectively. 

[0071 J As shown in Fig. 5B, the directional flow of ions emitted from the first electrode 232 
contact the nose area 246 of the second electrode 242. A higher amount of energy is generated 
1 5 at the nose 246 than the trailing sides 244 of each second electrode 242. Thus, the second 
electrodes 242-2, 242-3 generate upwards of about twice as much energy as the second 
electrodes 242-1, 242-4 since they receive ions from two flow paths instead of one. Accordingly, 
eachsecondelectrodewillnothavea« 

thesecondelectrodes 242-2, 242-3 will have a similar strength, and be higher than thesecond 
20 electrodes 242-1, 242-4. Thus, the array of second electrodes 240 will have an unbalanced 
electrical field at each nose 246. As a result, the second electrodes 242-2, 242-3 may generate a 
higher amount of ozone than the second electrodes 242-1, 242-4. 

[0072] Each electrode 232 in the first array 230 is coupled by a conductor 234 to a first 
(preferably positive) output port of high voltagepulse generator 170, and each electrode 242 in 
the second array 240 iscoupled by a conductor 249 to a second (preferablynegative) output port 
ofgeneratorl70Jtisreiauvelyun^ 
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is made to conductors 234 or 249. By way of example only, Fig. 5B depicts conductor 249 
making connection with some electrodes 242 internal to the nose end 246, while other electrodes 

242 make electrical connection to conductor 249 elsewhere on the electrode. An electrical 
connection to the various electrodes 242 could also be made on the electrode external surface 

5 providing no substantial impairment of the outflow airstream results; however, it has been formed 
to be preferable that the connection is made internally. 

[0073] In this and the other embodiments to be described hereinafter, ionization appears to 
occur at the electrode 232 in the first electrode array 230, with ozone production occurring as a 
function ofhigh voltage arcing. For example, increasing the peak-to-peak voltage amplitude and/or 

1 0 duty cycle of the pulses from the high voltage pulse generator 1 70 can increase ozone content in 
the output flow of ionized air. If desired, user-control S2 can be used to somewhat vary ozone 
content by varying (in an appropriate manner) amplitude and/or duty cycle. Specific circuitry for 
achieving such control is known in the art and need not be described in detail herein. 
[0074] Note the inclusion in Figs. 5 A-5B of at least one output controlling electrode 243, 

1 5 preferably electrically coupled to the same potential as the second array electrodes 242. Electrode 

243 preferably defines a pointed shape in side profile, e.g., a triangle. The sharp point on 
electrodes 243 causes the generation of substantial negative ions (since the electrode is coupled 
to relatively negative high potential). These negative ions neutralize excess positive ions otherwise 
present in the output airflow, such that the "OUT" flow has a net negative charge. Electrodes 243 

20 preferably are stainless steel, copper, or other conductor, and are perhaps 20 mm high and about 
12 mm wide at the base. 

[0075] In Fig. 5C and the figures to follow, the particulate matter is omitted for ease of 
illustration. However, from what was shown in Figs. 5A-5B, particulate matter will be present in 
the incoming air, and will be substantially absent from the outgoing air. As has been described, 
25 particulate matter 60 typically will be electrostatically precipitated upon the surface area of 
electrodes 242. 
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[0076] As discussed above and as depicted by Fig. 5C, it is relatively unimportant where 
on an electrode array electrical connection is made. Thus, first array electrodes 232 are shown 
electrically connected together at their bottom regions by conductor 234, whereas second array 
electrodes 242 are shown electrically connected together in their middle regions by the conductor 
249. Both arrays maybe connected together in more than one region, e.g., at the top and at the 
bottom.Itisprefeiredmatmewireorstripsoromerinter-connectingmechM 
bottom, orperipheryofthesecond array electrodes 242, so as to minimize obstructing stream air 
movement through the housing 210. 

10077] It is noted that the embodiments of Figs. 5C and 5D depict somewhat truncated 
versions of the second electrodes 242. Whereas dimension L in the embodiment of Figs. 5 A and 
5B was about20mm,inFigs.5Cand5D,Lhas been shortened to about 8 mm. Other dimensions 
in Fig. 5C preferably are similar to those stated for Figs. 5 A and 5B. It will be appreciated that the 
configurationofsecondelectrode 

ofFigs.5Aand5B,byvirtueofthe shorter trailing edge geometry. As noted earlier, a symmetrical 

staggered geometry for the first and second electrode arrays is preferred forthe configuration of 
Fig. 5C. 

[0078] In the embodiment ofFig. 5D, the outennost second electrodes, denoted 242-1 and 
242-4,havesubstantiallynooutemi^ 

3 mm, and other dimensions maybe as stated forthe configuration ofFigs. 5A and 5B. Again, the 
ratio of the radius or surface areas between the first electrode 232 and the second electrodes 242 
for the embodiment of Fig. 5D preferably exceeds about 20:1. 



Electrode Assembly with Recesse d/Non-Eouiriistant Second F.WtrnrW 
[0079] Having described various aspects of the invention in general, preferred embodiments 
25 of electrode assembly 220 will now be described. 
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FIGS. 6A-6F 
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10080] R gs 6A-6B illustrate an elec^ 

shapedelectrodes232-l,232-2,and232-3(collectivelyreferredtoas"electrodes232 
second airay240ofgenera]ly »U»-shaped electrodes 242-1, 242-2, 242-3, and 242-4 (collectively 
referred to as "electrodes 242"). In this configuration, the second electrodes 242-2, 242-3 are 
located further-downstream-thansecond electrodes 242-1, 242-4. Thus the electrodes positioned 
in the middleofthearrayare removed nirtherdownstream than the electrode and the outer edges 
ofthearray.Preferably,thesecondelectrodes 242-2, 242-3are located the same distance away 
from the first array 230,asshownbythedistanceX2.Forexample,thesecondelectrodes 242-1, 
242-4 are located a distance XI downstream from the first electrodes 232, while the second 
electrodes 242-2, 242-3 are located a distance X2 downstream from the first electrodes 232. By 
way of example only, X2 is preferably 4n™ 

be 2mm to 12mm larger than XI . The distance X2 is preferably greater than XI so that the 
sfrengfooffoeelectricfieldgenera^ 

similar. Accordingly, this configuration will produce lower amounts of ozone than the embodiment 
shown in Figs. 5A-5B. It is within the spirit and scope of the invention for X2 to be longer or 
shorter. 

[0081] Fig. 6B illustrates theoretical ion directional flowpaths A, B, C, D, E, and F. Each 
ionflowpathA-F generally represents the path ions travel from a first electrode 232 to a second 
electrode 242. As previously mentioned, each second electrode 242 generates an electric field 
primarily at the nose 246, and is proportional to the quantity ofions that contact the electrode and 
the distance the ions travel before reaching the second electrode 242.Ions are emitted from the 
firstelectrodes232.IonslosemeeM 

fravelsashortdistance,forexampleXl,willgenemteastrongerelectricalfieIdwhenitconta^^ 
the nose 246 than an ion that travels a distance X2 before contacting the nose 246. 
[0082] The second electrode 242-2 primarily receives ions along flow paths B, C, while the 
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second electrode 242-3 primarily receives ions along flow paths D, E. Normally, if all four second 
electrodes 242 were located the distanceXl downstream from the first electrodes 232, as shown 
in Figs. 5A-5B, a stronger electrical field will occur at the nose 246 of second electrodes 242-2, 
242-3 because these two second electrodes collect substantially more ions as electrodes 242-1, 
5 242-4. 

[0083J ThedistanceX2ispreferablygreaterthanXl so that the strength ofthe electric field 
generated at the nose 246 of each second electrode 242 is substantially similar. The second 
electrodes 242-2, 242-3 still receive more ions than the second electrodes 242-1, 242-4. 
However, the additional distance each ion must travel, shown by X2-X 1 , will substantially offset 
10 ^ additional number of ionsrece^ 

of ozone than the embodiment shown in Figs. 5A-5B 

[0084J Fig. 6C illustrates apreferred configuration ofthe embodiment shown in Fig. 5C. The 
second electrodes 242-2 and 242-3 are recessed downstream a distance X2 from the first array 
230, which the second electrodes 242-1 and 242-4 remain a distance X 1 downstream ofthe first 

15 ^yofelectrodes230.SimilartotheembodimentshowninFigs.5A-5B,thesecondelectrode 
242-2 and 242-3 receive substantially more ions than the second electrodes 242-1 or 242-2. 
However, the strength ofthe electric field generated atthe nose 246 of each second electrode 242 
is preferably similar because of the additional distance each ion must travel to reach the recessed 
electrodes 242-2 and 242-3. 

20 [0085] Fig. 6D illustrates apreferred configuration ofthe embodiment showninFig. 5D. 
Again, thesecondeIectrodes242-2and242-3are recessed downstream a distance X2 from the 
first array 230, which the second electrodes 242-1 and 242-4 remain a distance XI downstream 
ofthe first array of electrodes 230. Similar to theembodiment shown in Figs. 5A-5B, the second 
electrode 242-2 and 242-3 receive substantially more ions than the second electrodes 242-1 or 
242-2. However, the strength of the electric field generated at the nose 246 of each second 
electrode 242 is preferably similar because ofthe additional distance each ion must travel to reach 
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the recessed electrodes 242-2 and 242-3. 

[0086J Figs. 6E-6F illustrate that die second electrodes 242 may have angled or corrugated 
extensions 294. Preferably, the tail 294 is a non-linear configuration, having an effective width W 
greater than the width W (see Fig. 5B) of the second electrode 242. In Fig. 6E the trailing 
downstream portion is provided at an angle to the leading, upstream or nose portion. Thus, the 
extension 294 provides a wider structure than the nose 246 of the second electrode 242. The 
extensions 294 enhance the particle capture efficiency of the electrode assembly 220. 
[0087] In general, larger airborne particles (e.g., one micron and larger) tend to have then- 
own significant forward momentum in the air stream. A "IP-shaped second electrode 242 wimout 
an angled blade extension 294, as shown in Fig. 5 A, might allow a larger particle to pass through 
the electrode assembly 220 uncaptured. The momentum of the particle may prevent it from 
contacting the trailing edges of the second electrode 242. The increased width W of the angled 
extension 246 is intended to capture the larger particles. For example, if the larger particle passes 
by the trailing side 244 of the second electrode 242 uncaptured, but the particle is within W of the 
trailing sides 244, the particle will be captured by the extension 294. It is within the spirit and scope 
of the invention for the extension 246 to comprise other non-linear shapes and configurations such 
as, but not limited to, a "U"-shape, an "L"-shape, a Z-shape, a shape with a first upstream portion 
and a second down stream portion provided at an angle to the upstream portion, and a shape with 
a tail section that is wider in the stream of airflow than the upstream, leading or nose portion. Tail 
sections 294 can be directed in the same direction and be parallel as depicted, or the tail sections 
can be configured to diverge from each other in order to form a "V" or a "Y" configuration 
adjacent to the outlet vent. Thus the upper tail sections 294 as shown in Fig. 6E are made to point 
upwardly on the page, with the lower two tail sections 294 remaining pointing downwardly on the 
page. 



Attorney Docket No.: SHPR-01041USQ SRM/SDS 
ssanford/wp/shpr/1 04 1/1 04 ) USQ/1 04 1 usQ.app. wpd 



Express Mail No.: EL670725440US 



-22- 

Electrode Assembly with Re cessed/Non-Fguidistant Second Electrodes and an Up stream Focus 
Electrode: 



10 



FIGS. 7A-7B 

(0088] The embodiments illustrated in Figs. 7A-7B are somewhat similar to the previously 
described embodiments in Figs. 6A-6B. The electrode assembly 220 includes a first array of 
electrodes 230 and a second array of electrodes 240. Again, for this and the other embodiments, 
the term "array of electrodes" may refer to a single electrode or a plurality of electrodes. 
Preferably, the number of electrodes 232 in the first array of electrodes 230 will differ by one 
relative to the number of electrodes 242 in the second array of electrodes 240. The distances L, 
XI , Yl , Y2, Zl and Z2 for this embodiment are similar to those previously described in Fig. 5 A. 
[0089] As shown in Fig. 7A, the electrode assembly 220 preferably adds a third, or leading, 
or focus, or directional electrode 224a, 224b, 224c (generally referred to as "electrode 224") 
15 upstream of each first electrode 232-1, 232-2, 232-3. The focus electrode 224 produces an 
enhanced airflow velocity exiting the devices 1 00. In general, the third focus electrode 224 directs 
the airflow, and ions generated by the first electrode 232, towards the second electrodes 242. 
Each third focus electrode 224 is a distance X3 upstream from at least one of the first electrodes 
232. The distance X3 is preferably 5-6 mm, or four to five diameters of the focus electrode 224. 
20 However, the third focus electrode 224 can be further from or closer to the first electrode 232. 
[0090J The third focus electrode 224 illustrated in Fig. 7A is a rod-shaped electrode. The 
third focus electrode 224 can also comprise other shapes that preferably do not contain any sharp 
edges. The third focus electrode 224 is preferably manufactured from material that will not erode 
or oxidize, such as stainless steel. The diameter of the third focus electrode 224, in apreferred 
25 embodiment, is at least fifteen times greater than the diameter of the first electrode 232. The 
diameter of the third focus electrode 224 can be larger or smaller. The diameter of the third focus 
electrode 224 is preferably large enough so that third focus electrode 224 does not function as an 
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ion emitting surface when electrically connected with the first electrode 232. The maximum 
diameter of the third focus electrode224 is somewhat constrained. As the diameter increases, the 
third focus electrode 224 will begin to noticeably impair the airflow rate of the unit 100. Therefore, 
the diameter of the third electrode 224 is balanced between the need to form a non-ion emitting 
5 surface and airflow properties of the unit 1 00. 

[0091J In a preferred embodiment, each third focus electrodes 224a, 224b, 224c are 
electrically connected with the first airay 230 and thehigh voltage generator 170 by the conductor 
234. As shown in Fig. 7A, the third focus electrodes 224 are electrically connected to the same 
positive outlet of the high voltage generator 170 as the first array 230. Accordingly, the first 

10 electrode 232 and the third focus electrode 224 generate a positive electrical field. Since the 
electrical fields generated by the third focus electrode 224 and the first electrode 232 are both 
positive, the positive field generated by the third focus electrode 224 can push, or repel, or direct, 
thepositive field generated by the first electrode 232 towards the second array 240. For example, 
thepositive field generated by the third focus electrode 224a will push, or repel, or direct, the 

1 5 positive field generatedby the first electrode 232-1 towards the second array 240. In general, the 
third focus electrode 224 shapes the electrical field generatedby each electrode 232 in the first 
array 230. This shaping effect is believed to decrease the amount of ozone generated by the 
electrode assembly 220 and increases the airflow of the unit 100. 

[0092] ^ e P^icleswitlimmeairflowarepositivelychargedbymeionsgenera 

20 fin*electrode232.Aspreviouslym^ 

negatively charged second electrodes 242. The third focus electrode 224 also directs the airflow 
towards the second electrodes 242 by guiding the charged particles towards the trailing edges 244 
of each second electrode 242. It is believed that the airflow will travel around the third focus 
electrode 224, partially focusing the airflow towards the trailing edges 244, improving the collection 

25 rate of the electrode assembly 220. 

[0093] The third focus electrode 224 maybe located at various positions upstream of each 
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first electrode 232. By way of example only, a third focus electrode 224b is located directly 

upstreamofthe first electrode 232-2 so that the center ofthe third focus electrode 224b is in-line 
andsymmetricallyaH^^ 

lineBis located midwaybetween the second electrode 242-2 and the second electrode 242-3. 
Alternatively, a third focus electrode 224 can also be located at an angle relative to the first 
electrode 232. For example, a third focus electrode 224a can be located upstream ofthe first 

electrode232-lalongalineextendingfromthemiddleoftheno S e246ofthe S econd electrode 

242-2throughmecenterofmef^telectrode232-l,asshow^ 

eleot ro de224aism-lmeandsy^ 

line A. Similarly,thethirdelectrode224cis located upstream to the first electrode 232-3 along a 

lineextendingfromthemiddleofthenose246ofthesecondelectrode242-3through the first 
electrode 232-3, as shown by extension line C. The third focus electrode 224c is in-line and 

synunetricallyalignedwimmefirstele C trode232 

ofthepresentinventionfortheelectrodeassembly220to include third focus electrodes 224 that 
are both directly upstream and at an angle to the first electrodes 232, as depicted in Fig. 7A. 
[0094] ^n, as wimmepriorembod^^ 

242-3 are recessed back from the first array of electrodes 230, and receive the advantages 
previously disclosed. 



20 FIGS. 8A-8D 

[0095] Fi g-8A-8Billustrates^ 

230 having three wire-shaped first electrodes 232-1 , 232-2, 232-3 (generally referred to as 
"electrode232^andasecondarrayofelectrodes240havingfo^ 

242-1, 242-2, 242-3, 242-4 (generally referred to as "electrode 242"). Each electrode 232 is 
elecm-callyconne^ 

electrodes 242 are electrically connected to the high-voltage generator 1 70 in the middle to 
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il ^tratethatthefir S tandsecondelectnKles232,242canbeel^^ 
locations. 

[0096] ™esecondelectrode242^ 

showninFig.5C.ThedistanceLhasbeen shortened to about 8mm, while the other dimensions 
XI, Yl, Y2, Zl, Z2 are similar to those shown in Fig. 5A. 

[0097] Athird leadingorfocuselectrode224islocatedupstreamofeachfirstelectrode 
232. The innermost third focus electrode 224b is located directly upstream ofthe first electrode 

232-2,asshownbyextensionlineB.ExtensionlineBis located midwaybetween the second 
electrodes 242-2,242-3. The third focus electrodes 224a, 224c are at an angle with respect to 

mefirstelectrodes232-l,232-3.Forexample,thetlurdfocuselectrode224aisu^ 
fi^elect ro de232-lalongalmeextendmgfrommennddleof^ 
242-2extendbgtl^ughmecenterofmefirstelec^ 

thirdelectrode224cis located upstream ofthe first electrode 232-3 along a line extending from 
uiecenterofmenose246ofthese^^ 

232-3,asshownbyextensionlineC. Accordingly and preferably the focus electrodes fan out 
relative to the first electrodes as an aid for directing the flow of ions and charged particles. 
[0098] Kg-8Billustratestlurdfocuselectrodes224addedtotheelectrode 
shown in Fig. 5D. Preferably, a third focus electrode 224 is located upstream of each first 
electrode232.Forexam^ 

the first electrode 232-2, as shown by extension line B. Extension line B is located midway 
between the second electrodes 242-2, 242-3. The third focus electrode 224a is in-line and 
symmetricallyaligne^^^ 

third electrode224cisin-hneand symmetrically aligned with the first electrode 232-3, as shown 
byextensionlmeCExtensionl^^ 

second electrodes 242-2, 242-3 through the first electrodes 232-1, 232-3, respectively. In a 
preferred embodiment, the third electrodes 224a, 224b, 224c with the high voltage generator 170 
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by the conductor 234. This embodiment can also include a pair of third focus electrodes 224 
upstream of each first electrode 232. 

[0099] Fig. 8C illustrates pairs of third focus electrodes 224 added to the electrode 
assembly 220 shown in Fig. 5D. Preferably, a pair of third focus electrodes 224 are located 
5 upstream of each first electrode 232. For example, the pair of third focus electrodes 224b and 
224b' are in-line and symmetrically aligned with the first electrode 232-2, as shown by extension 
line B. Extension line B is located midway between the second electrodes 242-2, 242-3. The pair 
of third focus electrodes 224a and 224a' are in-line and symmetrically aligned with the first 
electrode 232-1 , as shown by extension line A. Similarly, the pair of third electrodes 224c and 

1 0 224c' are in-line and symmetrically aligned with the first electrode 232-3, as shown by extension 
line C. Extension lines A-C extend from the middle of the nose 246 of the "U"-shaped second 
electrodes 242-2, 242-3 through the first electrodes 232-1, 232-3, respectively. In a preferred 
embodiment, only the third electrodes 224a, 224b, 224c are electrically connected to the high 
voltage generator 1 70 by the conductor 234, and the third electrodes 224a', 224b', and 224c' 

1 5 have a floating potential. 

[01 00] In the embodiment of Figs. 8 A-8C, the middle second electrodes are recessed a 
distance X2 downstream for the reasons stated in the previous embodiments. Again, as with the 
prior embodiments, the innermost second electrodes 242-2 and 242-3 are recessed back from the 
first array of electrodes 230, and receive the advantages previously disclosed. 

20 

FIGS. 9A-9B 

[01 01 ] The previously described embodiments of the electrode assembly 220 disclose a 
rod- shaped third focus electrode 224 upstream of each first electrode 232. Fig. 9A illustrates an 
alternative configuration for the third focus electrode 224. By way of example only, the electrode 
25 assembly 220 may include a "U"-shaped or possibly "L"-shaped third focus electrode 224 
upstream of each first electrode 232. Further the third focus electrode 224 can have other curved 
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configurations such as, but not limited to, circular-shaped, elliptical-shaped, and other concave 
shapes facing the first electrode 232. In a preferred embodiment, the third focus electrode 224 has 
holes 225 extending through, forming a perforated surface to minimize the resistance of the third 
focus electrode 224 on the airflow rate. 
5 [01 02] In a preferred embodiment, the third focus electrode 224 is electrically connected 
to the high voltage generator 1 70 by conductor 234. The third focus electrode 224 in Figs. 9A-9B 
is preferably not an ion emitting surface. Similar to previous embodiments, the third focus electrode 
224 generates a positive electric field and pushes or repels the electric field generated by the first 
electrode 232 towards the second array 240. 

10 [0103] Fig. 9Aillustratesthataperforated"U"-shapedthirdfocuselectrode224canbe 
incorporated into the electrode assembly 220 shown in Fig. 5A. Even though only two 
configurations of the electrode assembly 220 are shown with the perforated "U"-shaped, or 
parabolic shaped, third focus electrode 224, all the embodiments described in Figs. 6A- 1 3 may 
incorporate the perforated "U"-shaped, or parabolic shaped, third focus electrode 224. It is also 

1 5 witlim toescopeofftemventiontohavem or parabolic shaped, third 

focus electrodes 224 upstream of each first electrode 232. Further, in other embodiments, the 
"U"-shaped third focus electrode can be made of a screen or mesh. 
[01 04] Fig. 9B illustrates third focus electrodes 224 similar to those depicted in Fig. 9A, 
except that the third focus electrodes 224 are rotated by 1 80° to preset a convex surface facing 

20 to the first electrodes 232 in order to focus and direct the field of ions and airflow from the first 
electrode 232 toward the second electrode 242. These third focus electrodes 224 shown in Figs.. 
9A-9B are located along extension lines A, B, C similar to previously described embodiments. 
[01 05] Again, as with theprior embodiments, the innermost second electrodes 242-2 and 
242-3 are recessed back from the first array of electrodes 230, and receive the advantages 

25 previously disclosed. 
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Electrode Assemblies With V a rio u s Com bination.; ofFnrns Electrode. Trailing Electrodes and 
Second Electrodes With Protective Ends - 
Figs. 10A-10D 

[0106J Fig. 1 OA illustrates an electrode assembly 220 that includes a first array of 
electrodes 230 having two wire-shaped electrodes 232-1, 232-2 (generally referred to as 
"electrode 232") and a second array of electrodes 240 having three "IT-shaped electrodes 242-1 , 
242-2, 242-3 (generally referred to as "electrode 242"). This configuration is in contrast to, for 
example, the configurations of Fig. 8A, wherein there are three first emitter electrodes 232 and four 
second collector electrodes 242. Upstream from each first electrode 232, at a distance X2, is a 

mirdfocuselectrode224.Eachthirdfocuselectrode224a,224bisatananglewithrespecttoa 
firstelectrode232. For example, the third focus electixxle 224a ispreferablyalong a line extending 
from the middle of the nose 246 of the second electrode 242-2 through the center of the first 
electrode 232-1, as shown by extension line A. The third focus electrode 224a is in-line and 
symmetrically aligned with the first electrale 232-1 along exteiisionlme A. Similarly, me t^ 
electrode 224b is located along a line extending from middle of the nose 246 of the second 
electrode242-2through the centerofthe first electrode 232-2, as shown by extension line B. The 
thfrdfocuselectrode224bis^ 

extension line B. As previously described, the diameter of each third focus electrode 224 is 
preferably at least fifteen times greater than the diameter of the first electrode 232. As shown in Fig. 
1 OA, and similar to the embodiment shown in Fig. 5B, each second electrode preferably has a 
protective end 241 . In apreferred embodiment, the third focus electrodes 224 are electrically 

coniiectedtotheWghvoltagegeneratorl70(notshown).Iti S withinthespiritandscopeofthe 
25 invention to not electrically connect the third focus electrodes 224. 

[0107] Fig-lOBillustratesftatmultipk 

of each first emitter electrode 232. For example, the third focus electrode 224a2 is in-line and 



15 



20 
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symmetricallyaligned with the thkd focus electrode 224al along extension line A. Similarly, the 
third focus electrode 224b2 is in-line and symmetrically aligned with the third focus electrode 
242blalong e xtensionlineBJtiswithinmescopeofmepresentinventiontoelectri^ 
all, or none of, the third focus electrodes 224 to the high-voltage generator 1 70. In a preferred 

embodiment, only the tWrd focus electrodes 224al,224bl are electrically connected to m^ 
voltagegeneratorl70,wimthe^ 

10108] Fig. 10Cillustratesthattheelectrodeassembly220showninFig. lOAmayalso 
mcludeatrailmgelectrode245downstreamofeachsecondelectrode24^ 
245ism-linewithmesecondelectrodesoasnottomterferewimaM 

242. Each trailing electrode 245 is preferably located a distance downstream of each second 
electrode 242 equal to at least three times the width W of the second electrode 242. Other 
distances are within the scope of the invention. It is within the scope ofthe present invention for 
thetraihngelectrodetobylocatedatother distances downstream. The diameter of the trailing 
anode 245 is preferably no greater than the width W ofthe second electrode 242 to limit the 
interference ofthe airflow coming ofTthe second electrode 242. 

10109] One aspect ofthe trailing electrode 245 is to direct the air trailing off the second 
electrode242andprovideamorelanm^^ 
trailmgelect^^ 

particles within the airflow. As shown in Fig. 1 0C, each trailing electrode 245 is electrically 
connected to a second electrode 242 by a conductor 248. Thus, the trailing electrode 245 is 
negatively charged, and serves as a collecting surface, similar to the second electrode 242, attracts 
mepositivelychargedpa^^ 

trailingelectrode245also emits negative ions to neutralize the positive ions emitted by the first 
electrodes 232. 

25 [0110] Fig. lODillustmtesmatapaho^ 

ofeachf 1 rstelectrode232.Forexample,thethirdfocuselectrode224a2isupstreamof^ 
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focus electrode 224al so that the third focus electrodes 224al, 224a2 are in-line and 
symmetrically aligned with each other along extension line A. Similarly, the third focus electrode 
224b2 is in line and symmetrically aligned with the third focus electrode 224bl along extension line 
B. As previously described, preferably only the third focus electrodes 224al, 224bl are 
5 electrically connected to the high voltage generator 1 70, while the third focus electrodes 224a2, 
224b2 have a floating potential. It is within the spirit and scope of the present invention to 
electrically connect all, or none, of the third focus electrodes to the high voltage generator 170. 
[0111] Again, as with the prior embodiments, the innermost second electrode 242-2 is 
recessed back from the first array of electrodes 230, and receives the advantages previously 
10 disclosed. 



Electrode Assemblies With Second Collector Electrodes Having I nterstitial Ejecfaodes: 
(01 1 2] Fig. 1 0E illustrates another embodiment of the electrode assembly 220 with an 
interstitial electrode 246. In this embodiment, the interstitial electrode 246 is located midway 
1 5 between the second electrodes 242. For example, the interstitial electrode 246a is located midway 
between the second electrodes 242-1, 242-2, while the interstitial electrode 246b is located 
midway between second electrodes 242-2, 242-3. Preferably, the interstitial electrode 246a, 
246b are electrically connected to the first electrodes 232, and generate an electrical field with the 
same positive or negative charge as the first electrodes 232. The interstitial electrode 246 and the 
first electrode 232 then have the same polarity. Accordingly, particles traveling toward the 
interstitial electrode 246 will be repelled by the interstitial electrode 246 towards the trailing sides 
244 of the second electrodes 242. Alternatively, the interstitial electrodes can have a floating 
potential or be grounded. 

[01 13] It is to be understood that interstitial electrodes 246a, 246b may also be closer to 
25 one second collector electrode than to the other. Also, the interstitial electrodes 246a, 246b are 
preferably located substantially near or at the protective end 241 or ends of the trailing sides 244, 
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as depicted in Fig. 1 OE. Still further the interstitial electrode can be substantially located along a 
line between the two trailing portions or ends of the second electrodes. These rear positions are 
preferred as the interstitial electrodes can cause the positively charged particle to deflect towards 
the trailing sides 244 along the entire length of the negatively charged second collector electrode 
5 242, in order for the second collector electrode 242 to collect more particles from the airflow. 
10114] Still further, the interstitial electrodes 246a, 246b can be located upstream along the 
trailing side 244 of the second collector electrodes 244. However, the closer the interstitial 
electrodes 246a, 246b get to the nose 246 of the second electrode 242, generally the less 
effective interstitial electrodes 246a, 246b are in urging positively charged particles toward the 

1 0 entire length the second electrodes 242. Preferably, the interstitial electrodes 246a, 246b are wire- 
shaped and smaller or substantially smaller in diameter than the width "W" of the second collector 
electrodes 242. For example, the interstitial electrodes can have a diameter of, the same as, or on 
the order, of the diameter of the first electrodes. For example, the interstitial electrodes can have 
a diameter of one-sixteenth of an inch. Also, the diameter of the interstitial electrodes 246a, 246b 

15 is substantially less than the distance between second collector electrodes, as indicated by Y2. 
Further the interstitial electrode can have a length or diameter in the downstream direction that is 
substantially less than the length of the second electrode in the downstream direction. The reason 
for this size of the interstitial electrodes 246a, 246b is so that the interstitial electrodes 246a, 246b 
have a minimal effect on the airflow rate exiting the device 200. 

20 [0115] Fig. 1 OF illustrates that the electrode assembly 220 in Fig. 1 0E can include a pair of 
third electrodes 224 upstream of each first electrode 232. As previously described, the pair of third 
electrodes 224 are preferably in-line and symmetrically aligned with each other. For example, the 
third electrode 224a2 is in-line and symmetrically aligned with the third electrode 224al along 
extension line A. Extension line A preferably extends from the middle of the nose 246 of the second 

15 electrode 242-2 through the center of the first electrode 232-1 . As previously disclosed, in a 
preferred embodiment, only the third electrodes 224al , 224bl are electrically connected to the 
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high voltage generator 170. InFig. 10F, a plurality of interstitial electrodes 246a and 246b are 
located between the second electrodes 242. Preferably these interstitial electrodes are in-line and 
have a potential gradient with an increasing voltage potential on each successive interstitial 
electrode in the downstream direction in order to urge particles toward thesecond electrode. In 
this situation the voltage on the interstitial electrodes would have the same sign as the voltage on 
the first electrodes 232. 

[0116] Again, as with the prior embodiments, the innermost second electrode 242-2 is 
recessed back from the first array of electrodes 230, and receive the advantages previously 
disclosed. 



Electrode Assembly With an Enhanced First Emitter Electrodes: 
FIGS. 11A-11C 

[0117] The previously described embodiments of the electrode assembly 220 include a first 
array of electrodes 230 having at least one wire-shaped electrode 232. It is within the scope of 
1 5 the present invention for the first array of electrodes 230 to contain electrodes consisting of other 
shapes and configurations. 

[0118] Fig. 1 lAillustratesthatthefirstarrayof electrodes 230mayinclude curvedwire- 
shaped electrodes 252. The curved wire-shaped electrode 252 is an ion emitting surface and 
generates an electric field similar to the previously described wire-shaped electrodes 232. Also 

20 similar to previous embodiments, each second electrode 242 is "downstream;' and each third focus 
electrode 224 is Upstream," to the curved wire-shaped electrodes 252. The electrical properties 
and characteristics of the second electrode 242 and the third focus electrode 224 are similar to the 
previously described embodiment shown in Fig. 6A. It is to be understood that an alternative 
embodiment ofFig. 1 1 A can exclude the focus electrodes and be within the spirit and scope of the 

25 invention. 

[01 19] As shown in Fig. 1 1 A, positive ions are generated and emitted by the first electrode 
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252. In general, the quantity of negative ions generated and emitted by the first electrode is 
proportional to *e surface area ofthe first electrode. The height Zl ofthe first electrode 252 is 
equal to theheightZl ofthepreviously disclosed wire-shaped electrode 232. However, the total 
lengthoftheelectrode252is greatermanthetotallengthoftheeIectrode232.Bywayofexa mp le 
5 0 ^ di napreferredemb^ 

wireelectrode252isl5-30o/olongerthanarodorwire-shapedelectrode232.^ 

is allowed tobeslacktoachievetheshorterheightZl.Whenawireisheldslack, thewiremay 

formacurvedshapesinulartothefiistelectrode252show^ 

oftheelectrode252translatestoaIarger surface area than the wire-shaped electrode 232. Thus, 
10 * eel ^ode252willgenemtean^ 
electrodearrayattachtothep^ 

is attracted to, and collected by, the oppositely charged second collector electrodes 242. Since 
the electrodes 252 generate and emit more ions than the previously described electrodes 232, 
more particulate matter will be removed from the airflow. 
15 [0120] Rg-llBilhisliatestbatte 
shapedelectrodes254.Eac^^^^ 
mepreviouslydisc^ 
wassfraightenedout,^^ 

theelectrode 232. Since the height ofthe electrode 254 remains at Zl, the electrode 254 has a 
20 "kinked" configurationasshowninFig. 1 IB. This greater length translates to a larger surface area 
oftheelectrode254thanme^^ 
willgenerateaiKiemitagre^^ 

altemativeembodimentofFig. 1 1 B can exclude the focus electrodes and be within the spirit and 
scope of the invention. 

" [0121] Fig. nCillu S tratesthatthefirstarrayofelectrodes230mayalsoinclude coiled 
wire-shapedelectrodes256. Again, theheightZl ofme electrodes 256 is similar to theheightZl 
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of the previously described electrodes 232. However, the total length of the electrodes 256 is 
greater than the total length of the electrodes 232. In a preferred embodiment, if the coiled 
electrode 256 was straightened out the electrodes 256 will have a total length two to three times 
longer than the wire-shaped electrodes 232. Thus, the electrodes 256 have a larger surface area 
5 than the electrodes 232, and generate and emit more ions than the first electrodes 232.The 
diameter of the wire that is coiled to produce the electrode 256 is similar to the diameter of the 
electrode 232. The diameter ofthe electrode 256 itselfis preferably 1 -3mm, but can be smaller 
in accordance with the diameter o^ 

shall remain small enough so that the electrode 256 has ahigh emissivity and is an ion emitting 
1 0 surface. It is to be understood that an alternative embodiment of Fig. 1 1 C can exclude the focus 
electrodes and be within the spirit and scope ofthe invention. 

(0122] Theelectrodes252,254and256showninFigs. HA-llCmaybeincorporatedinto 
any ofthe electrode assembly 220 configurations previously disclosed in this application. 
101 23] Again, as with the prior embodiments, the innermost second electrodes 242-2 and 
242-3 are recessed back from the first array of electrodes 230, and receive the advantages 
previously disclosed. 

[0124] ™eforegomgdescriptionofmepreferr^ 

beenprovided for thepurposes of illustration and description. It is not intended to be exhaustive 
or to limit the invention to the precise forms disclosed. Obviously, many modifications and 

20 variations will be apparent to the practitioner skilled in the art. Embodiments were chosen and 
described in order to best describe the principles ofthe invention and its practical application, 
therebyenablingothers skilled in the art to understand me mvention, me various embcnhments and 
with various modifications that are suited to the particular use contemplated. It is intended that the 
scope ofthe invention be defined by the following claims and their equivalents. 

25 [01 25] Modifications and variations maybe made to the disclosed embodiments without 
departing from the subject and spirit ofthe invention as defined by the following claims. 
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1 . An electro-kinetic air transporter-conditioner, comprising: 
a housing having an inlet and an outlet; 
a voltage generator; and 

an electrode assembly electrically connected to said voltage generator, said electrode 

assemblycreatesanairflo^^ 

said electrode assembly including: 

a first array of electrodes having at least two first electrodes; and 

a second array of electrodes having at least three second electrodes, located 

downstream and staggered in relation to said first army, wherein one ofsaid second electrodes m 

saidsecondarrayisagreaterdistancedownstreamfromsaidfirst^ 

second electrodes in said second array. 



15 2. Theelectro-kmeticairt^ , wherein said one of said second 

electrodes is located between said remaining second electrode. 

3. Theelectro-kmetic^ , wherein said one of said second 

electrode is aligned with a line that is mid-way between the first two electrodes. 



20 



4. The electro-kinetic air transporter-conditioner as recited in claim 1, wherein said first array 
of electrodes has at least one electrode that shares at least one characteristic from a group 
consistingof(i)arod-shaped wire, (ii) a spiral coil, (iii) a curved wire, and (iv) a flat spiral wire. 

25 5. Theelectro-kineticairtransporter-conditionerasrecitedincla^ seC ond 
array of electrodes includes at least one electrode with a characteristic selected from a group 
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consisting of (i) an elongated cylindrical tube,(ii) an electrode with a U-shaped cross-section, (iii) 
an electrode with an L-shaped cross-section, (iv) an electrode with a rod-shaped cross-section, 
and (v) an electrode with a front section and atail section located at an angle to the front section. 



5 6. 



The electro-kinetic air transporter-conditioner as recited in claim 1, wherein the 



air 



transporter-conditioner norther includes a third focus electrode located upstream of said first airay 
of electrodes. 



air 



7. The electro-kinetic air transporter-conditioner as recited in claim 1 , wherein the 
10 ^sporter-conditionerfartherin^ 

array of electrodes. 

8. An electro-kinetic air transporter-conditioner, comprising: 

a housing having an inlet and an outlet; 
1 5 a voltage generator; and 

an electrode assembly electrically connected to said voltage generator, said electrode 
assembly creates an aiiflow from said 
said electrode assembly includes: 

a first array of electrodes, aligned to define a first plane; and 
a second array of electrodes, including two outermost second electrodes, each 
havinganose, said nose of each said outeimost second electrodes aligned to define a second plane 
parallel to said first plane, and an innermost second electrode recessed from said second plane so 
that the innermost second electrode is further downstream from said first array of electrodes than 
said outermost second electrodes. 



The electro-kinetic air transporter-conditioner as recited in claim 8, wherein said first 



array 
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ofelectrodesincludesatleastoneelectrodethatsharesatleastonecharacteristicfromagroup 
consistingof(i)arod-shapedwire,(ii)aspiral coil, (iii)acurved wire, and (iv) a flat spiral wire. 

10. The electro-kinetic air transport^^^ 

array of electrodes includes at least one electrode with a characteristic selected from a group 
consisting of (i) an elongated cylindrical tube,(ii) an electrode with a U-shaped cross-section, (hi) 
an electrode with an L-shaped cross-section, (iv) an electrode with a rod-shaped cross-section, 
and(v)anelechodewithafrontsectionandatailsectionlocatedatanangletothefrontsection. 



10 11. 



The electro-kinetic air transporter-conditioner as recited in claim 8, wherein the 



air 



fransporter-condiuon CT fi^^^ 
of electrodes. 



air 



12. The electro-kinetic air transporter-conditioner as recited in claim 8, wherein the 

transporter-conditioner iurmer includes a trailing electrode located downstream of said second 
array of electrodes. 



13. Theelectro-lcmeticaff 

electrode is 2- 1 2mm further downstream from said first array of electrodes than said outermost 
20 electrodes. 



1 4. An electro-kinetic air transporter-conditioner, comprising: 
a housing having an inlet and an outlet; 
a voltage generator disposed within said housing; 

anelectrode assembly electrically connected to said voltage generator, said electrode 
assembly creates an aMow from said imet to said outlet when said voltage generator is energize^ 
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said electrode assembly includes: 

a first array of electrodes, including a plurality of first electrodes; 
a second array of electrodes including a plurality of second electrodes, having at 
least one more second electrode than said first plurality of electrodes and staggered 
said first array, where in one or more of said second electrodes in said second array is located 
further from said first array than the other of said plurality of second electrodes. 

15. An electro-kinetic air transporter-conditioner, comprising: 
a housing having an inlet and an outlet; 
a voltage generator disposed within said housing; 

an electrode assembly, electrically connected to said voltage generator, said 
electrode assembly creates an airflow from said inlet to said outlet when said high voltage generator 
is energized, said electrode assembly includes: 

a plurality of ion emitter electrodes; and 

a plurality of ion collector electrodes staggered in relation to, and located 
downstream from, said ion emitter electrodes, oneormoreof said ion collector electrodes receives 
ions from principally twoofsaid ion emitter electrodes and one or more of said ion collectors 
electrodesreceivesions from principally one said ion emitter electrodes, said oneormoreion 
collectorelectrodesthatreceivesions from principally two ion emitter electrodes beinglocated 
20 further downstream from said ion emitter electrodes than said oneormoreion collector electrode 
that receives ions from principally one ion emitter electrode. 



15 



25 



16. Theelectro-kineticairtransporter-conditionerasrecitedinclaim 15, wherein said 
emitting electrodes includes at least one electrode that shares at least one characteristic from 
group consistingof(i)arod-shapedwire,(ii)aspiralcoil,(iii)acurved wire, and (iv) a flat spiral 



ion 
a 



wire. 
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17. Theelectro-kineticairtransporter-conditionerasrecitedinclaim 1 5, wherein said ion 
collectingelectrodes includes at least one electrodewith a characteristic selected from a group 
consistingof(i)anelongatedcylmdricaltubeXii)anelectrodewim 

an electrode with an L-shaped cross-section, (iv) an electrode with a rod-shaped cross-section, 
and(v)anelectrodewitoafrontsectio^ 



18. 



The electro-kinetic air transporter-conditioner as recited in claim 1 5, wherein the 



air 



transporter-conditioner further includes a third focus electrode located upstream of said ion emitting 
electrodes. 



1 9. The electro-kinetic air transporter-conditioner as recited in claim 1 5, wherein the 
transporter-conditioner Anther includes a trailing electrode located downstream of said i 
collecting electrodes. 



air 
ion 



15 20. Theelectio-ldneticairfra^ 15, wherein two of said 

ioncollectorelectaxlesreceiveionsfromprincipallytwoionemittingelec 
an equal distance downstream from said plurality of ion emitter electrodes. 



21. An electro-kinetic air transporter-conditioner, comprising: 
a housing having an inlet and an outlet; 
a voltage generator disposed within said housing; and 
an electrode assembly, electrically connected to said voltage generator, said 
electiodeassemblycreatesanairflowmadownsfreamdfrection 
said voltage generator is energized, said electrode assembly includes: 

a first array of electrodes, including at least two electrodes; 
a second array of electrodes, including two outermost electrodes, and at least 



one 
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electrode located between said outermost electrodes, said electrodes located between said 
outermost electrodes bemg located rurmer downstream from said 
outermost electrodes. 

5 22. The electro-kinetic air transporter-conditioner as recited in claim 21, wherein the air 

transporter-conditioner nnther includes a trailing electrode located downstream of second^ 
of electrodes. 

23. An electro-kinetic air transporter-conditioner, comprising: 
1 0 a housing having an inlet and an outlet; 

a voltage generator disposed within said housing; 

an electrode assembly, electrically connected to said voltage generator, said 
electrodeassembly creates an airflow ma downstream diction from said inlet to said outlet when 
said voltage generator is energized, said electrode assembly includes: 

a first array of electrodes, including at least two electrodes; 
asecond array of electrodes, includingtwo outermost electrodes, and at least one 
electrode located between said outermost electrodes, said electrodes located between said 
outermost electrodes being located closer to said outlet than said outermost electrodes. 



15 



20 



24. The electro-kinetic air transporter-conditioner as recited in claim 23, wherein said 
electrodes located between said outermost electrodes are located 2- 12mm closer to said outlet 
than said outermost electrodes. 



25. A device for conditioning air, comprising: 
25 a housing having an inlet and an outlet; 

an ion generator disposed within said housing that emits ions and that creates an 
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airflow in a downstream direction from said inlet to said outlet, including: 

a first array of ion emitter electrodes; 
. a second array of ion collector electrodes located downstream of, and staggered 
in relation to, said first array of ion emitting electrodes; 

a voltage generator electrically coupled with said first array of ion emitter 
electrodes and said second array of ion collector electrodes; 

wherein said first and second arrays are arranged such that the ions must travel 
further downstream to reach at leas^ 

of said ion collector electrodes in said second array of ion collector electrodes. 

26. The device as recited in claim 25, wherein the device further includes at least one focus 
electrode upstream of said ion generator. 



27. Thedeviceasrecitedinclaim2^^ 
1 5 electrode downstream of said ion generator. 

28. The electro-kinetic air transporter-conditioner as recited in claim 25, wherein said array 
ofioneimttmgelectr^^ 

agroupconsistmgof(i)arod-shapedwire,(ii)aspiraIcoil,(i^ 
20 wire. 



29. The electro-kinetic air transporter-conditioner as recited in claim 25, wherein said array 
of ion collecting electrodes includes at least one electrode with a characteristic selected from a 
group consistmgof(i)anelongatedcylmdricdmbe,(iO 

(iii) an electrode with an L-shaped cross-section, (iv) an electrode with a rod-shaped cross- 
section, and (v) an electrode with a front section and having a tail section located at an angle to the 



25 
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30. The electro-kinetic air transporter-conditioner of claim 1 wherein all of the second 
electrodes are of the same configuration and size. 

5 

31. ™ e electro-kinetic air transporter^^ 

the second array of electrodes are of the same configuration and size. 

32. The electro-kinetic air transporter-conditioner of claim 14 wherein all of the second 
10 electrodes of the second array of electrodes are of the same configuration and size. 

33. The electro-kinetic air transporter-conditioner of claim 1 5 wherein all of the collector 
electrodes are of the same configuration and size. 

15 34. Theelectro-kmeticairtransporter-conditionerofclaim21 wherein all ofthe electrodes of 
the second array of electrodes are ofthe same configuration and size. 

35. Theelectro-kinetic air transporter-conditioner of claim 23 wherein all ofthe electrodes of 
the second array of electrodes are ofthe same configuration and i 



20 



i size. 



36. The electro-kinetic air transporter-conditioner of claim 25 wherein all ofthe collector 
electrodes are ofthe same configuration and size. 

37. An electro-kinetic air transporter-conditioner comprising: 
25 a housing having an inlet and an outlet; 

a voltage generator; 
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an electrode assembly electrically connected to said voltage generator, said electrode 
assembly creates an airflow from said inlet to said outlet when said voltage generator is energized, 
said electrode assembly including: 

a first array of electrodes; 
5 a second array of second electrodes located downstream of said first electrode; and 

means for equalizing an electrical field created across the second array. 

38. The electro-kinetic air transporter-conditioner of claim 37 wherein each of said second 
electrodes includes an upstream nose that is closer to the first electrode than the rest of the second 
10 electrodes, said equalizing means includes means for equalizing an electrical field created across 
the nose of the second electrodes. 
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Abstract 



[0126] An electro-kinetic air transporter-conditioner creates airflow with an electrode 
assemblythatincludesafirstan^^^ 

electrodes of the second array are preferably located norther away from the first arraythanthe 
outermost electrodes m the second airay. This non-equidistant configured 
fields created at the tip ofeach electrode within the second array. Reducing the electrical field at 
the innermost electrodes also reduces the amount of ozone generated by the device. 
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